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Abstract
Purely kinetic k-essence models have been shown in the literature to
be a field theory equivalent of barotropic fluid models of dark energy or
dark matter-dark energy unification. In the modeling framework where
the speed of sound squared of a barotropic fluid is modeled as a function
of its Equation of State parameter, a systematic procedure of obtaining
the Lagrangian density of an equivalent purely kinetic k-essence model
is presented. As this modeling approach starts from the speed of sound,
purely kinetic k-essence models can be constructed for which the speed of
sound is in agreement with the observational constraints. Depending on
the chosen functional form for the barotropic fluid speed of sound squared,
analytically tractable examples of solutions for the purely kinetic k-essence
Lagrangian density in parametric and closed form are obtained.
1 Introduction
Available cosmological data strongly indicate that the expansion of the
universe was accelerated in at least two phases: in the inflationary phase
in the early universe [1, 2, 3] and in the late-time phase of accelerated
expansion [4, 5, 6, 7, 8]. Identifying the mechanisms behind the acceler-
ated cosmic expansion remains one of top priorities in physical cosmol-
ogy. Numerous hypotheses on the nature of the said mechanism have
been proposed and models of accelerated cosmic expansion elaborated.
Two leading ideas for the mechanism of accelerated expansion are a com-
ponent with a sufficiently negative pressure (called dark energy in the
case of late-time accelerated expansion and inflaton field in the case of
inflationary phase of accelerated expansion) [9, 10, 11, 12, 13] and the
modified gravitational interaction [14, 15, 16]. On the other hand, various
cosmic phenomena, from galactic rotation curves to global expansion of
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the universe reveal the need for substantial amounts of additional matter
(usually called dark matter) [17, 18, 19, 20], modifications of gravitational
interaction or even fundamental dynamic principles [21, 22, 23, 24].
An attractive idea is that the entire dark sector, i.e. that both dark
energy and dark matter might be manifestations of the same component,
sometimes called dark matter-dark energy unification or unified dark mat-
ter [25]. Numerous interesting models in which the unified dark sector
is described by a barotropic perfect fluid have been proposed. One of
the most prominent ideas along this line of research is that of Chaply-
gin gas and its generalizations [26, 27, 28, 29, 30, 31, 32]. For a general
fluid based approach to the problem of unified dark sector see also [33].
Despite the success of such models in describing the global evolution of
the universe, many of these models exhibit considerable sound of speed at
late time which significantly interferes with the formation of structure at
small cosmic scales [34]. Some other interesting proposals of dark sector
unification comprise superfluid dark matter [35] and dust of dark energy
[36].
A prominent approach to dark sector description was developed in field
theory models with scalar fields (for a review see e.g. [25]). It was found
that models with nonstandard kinetic terms called k-essence models, can
be useful in the description of the inflationary phase [37, 38], dark energy
[39, 40, 41, 42, 43, 44, 45] and dark sector unification [46, 47, 48, 49, 50, 51,
52]. In k-essence models, the Lagrangian density is in principle an arbi-
trary function of the scalar field φ and its kinetic term X = 1
2
gµν∇µφ∇νφ,
where ∇µ denotes covariant derivative, i.e. L = L(X,φ). Classes of gen-
eral k-essence Lagrangian densities that have attracted most attention of
researchers are L = V1(φ)F (X)−V2(φ) where dependences on X and φ are
factorized, and purely kinetic k-essence models where the k-essence La-
grangian density is a function of the kinetic term X only, i.e. L = F (X).
A special class of models motivated from string theories, so called tachy-
onic models [53, 54, 55, 56] can also be represented as k-essence models.
A recently introduced and elaborated line of research approaches the
problem of modeling barotropic fluid candidates for unified dark sector by
specifying its speed of sound squared, c2s, as a function of its Equation of
State (EoS) parameter, w = p/ρ, i.e. c2s = c
2
s(w). Very initial studies [57]
have shown that the problem of c2s size and the accompanying acoustic
horizon can be alleviated in the c2s = α(−w)γ models which generalize
the (generalized) Chaplygin gas model. In [58], the phenomenon of the
cosmological constant barrier crossing was described in this formalism
and in [59] unified dark sector fluid models have been introduced with
the speed of sound squared vanishing both in asymptotic past and in
asymptotic future. Finally, in [60] it was demonstrated that many of dark
energy parametrizations proposed in the literature are not compatible
with dark energy being a barotropic fluid.
In this work we combine advantages of k-essence and c2s(w) approaches
for the phenomenologically motivated modeling. K-essence models pro-
vide a microscopic formulation of the model in the framework of La-
grangian formalism of field theory. This fact simplifies comparison with
other theoretically motivated or derived models and fosters establishing
connections with fundamental physical theories. On the other hand, the
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c2s(w) formalism starts from the modelling of the speed of sound as a
function of w. For a known functional form of c2s(w) one can determine
the range of variation of the EoS parameter during cosmic expansion,
even when the explicit analytic solution w(a) is not available. Then, it
is straightforward to obtain the range of variation of c2s as the universe
expands. Given these advantages, within the c2s(w) formalism it is easy
to construct models of unified dark sector which satisfy the observational
constraints on the unified dark sector fluid speed of sound. In this paper,
starting from the expressions introduced in [45], we introduce a system-
atic analytic method of obtaining F (X) of purely kinetic k-essence for a
known c2s(w) function. In this way, for a known c
2
s(w) one can analyti-
cally determine the range of variation of w and, consequently c2s, and thus
guarantee that the speed of sound is in the allowed region. In the second
step, the functions X and F can be obtained as parametric solutions with
w as a parameter and finally, depending on the invertibility of functions
X(w) and F (w), implicit or explicit solutions for F (X) can be obtained.
The organization of the paper is the following. The first section con-
tains the introduction and the outline of the main idea of the paper. The
second section brings a brief overview of the general formalism of purely
kinetic k-essence models. Then it elaborates the method of reconstruction
of purely kinetic k-essence model for a known c2s(w) function. The third
section brings specific results for a number of concrete c2s(w) models orga-
nized in two subsections: a subsection dedicated to parametric solutions
and a subsection dedicated to closed form (implicit and explicit) solutions.
The paper closes with the section Discussion and conclusions.
2 The reconstruction method
2.1 Purely kinetic k-essence models
For purely kinetic k-essence models with the Lagrangian density L =
F (X) one can find an equivalent perfect fluid representation [61, 62, 63].
In this representation the fluid four-velocity is uµ =
∇µφ√
2X
, the energy
density has the form
ρ = 2XFX − F , (1)
where the subscriptX stands for differentiation with respect toX variable,
whereas its pressure is
p = F . (2)
The speed of sound in a purely kinetic k-essence models is
c2s =
dp
dρ
=
pX
ρX
=
FX
FX + 2XFXX
, (3)
and the parameter of the EoS is
w = − F
F − 2XFX . (4)
Inserting (1) and (2) into the equation of continuity dρ+3(p+ρ) da
a
= 0
3
yields a relation [46]
X
X0
(
FX
FX,0
)2 (
a
a0
)6
= 1 . (5)
In the following subsection we elaborate an analytical approach more
suitable to c2s(w) models.
2.2 Representation of c2
s
(w) models as purely ki-
netic k-essence models
Starting from the definition of the sound of speed squared it is easy to
obtain
a
dp
da
= −3(1 + w)c2sρ , (6)
which, using (4), leads to [45]
a
dF
da
= −31 + w
w
c2sF . (7)
On the other hand, the expression for the EoS parameter (4) gives
XFX =
1 +w
2w
p . (8)
Combining this expression with (5) results in [45]
a
dX
da
= −6c2sX . (9)
The expressions (7) and (9) can be further transformed in forms better
adapted for the approach in which the speed of sound squared is mod-
elled as a function of the EoS parameter, c2s = c
2
s(w). The equation of
continuity, which can be written as
dw
(1 + w)(c2s − w) = −3
da
a
, (10)
allows elimination of the scale factor a from (7) and (9) which then finally
read
dF
F
=
c2s
w(c2s − w)dw , (11)
dX
X
= 2
c2s
(1 + w)(c2s − w)dw . (12)
The expressions (11) and (12) represent the key novel extension of
the approach presented in [45] which is especially suitable for the c2s(w)
models. For models defined by c2s = c
2
s(w) these expressions, when their
right sides are integrable, allow parametric definition of the purely kinetic
k-essence models as (F (w), X(w)). If the expression for X(w) is analyt-
ically invertible, the purely kinetic k-essence model can be obtained in
an explicit form F = F (X). If the expression for F (w) is analytically
invertible, the purely kinetic k-essence model can be obtained in an im-
plicit form X = X(F ). In the next section we provide specific examples
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of c2s(w) models for which analytic solutions for F and X functions can
be obtained.
The expressions (11) and (12) can be further expanded to give
dF
F
=
[
1
c2s − w +
1
w
]
dw , (13)
dX
X
= 2
[
1
c2s −w +
1
1 +w
− 1
(1 +w)(c2s − w)
]
dw . (14)
Combining (13) and (14) results in the equation
2
dF
F
− dX
X
= 2
dw
w
− 2 dw
1 + w
+ 2
dw
(c2s − w)(1 + w) . (15)
Using (10) this equation can be further written as
2
dF
F
− dX
X
= 2
dw
w
− 2 dw
1 +w
− 6da
a
. (16)
Direct integration leads to the constraint (the subscript 0 hereafter refers
to the present moment in the cosmic dynamics)(
F
F0
)2 X0
X
=
(
w
w0
)2 (1 + w0
1 + w
)2 ( a
a0
)−6
. (17)
For models in which w can be obtained as a function of the scale factor,
w = w(a), Eq. (17) provides F 2/X as a function of a.
3 Analytical solutions for c2
s
(w) models
In the next two subsections we present the application of the methodology
introduced in the previous section to obtain solutions in parametric and
closed form for concrete c2s(w) models. In the considerations presented
below, especially those that include inversion of expressions, multivalued
functions denote all possible branches of these functions (e.g. x1/2 stands
for both
√
x and −√x). The primary aim of such notation choice is to
avoid too cumbersome expressions.
3.1 Parametric solutions
3.1.1 The cosmological constant crossing model
The model defined by
c2s = w + A(1 +w)
B , (18)
was shown in [58] to be able to describe the crossing of the cosmological
constant barrier in certain parametric regimes. It should also be stressed
that this model provides an effective description of the cosmological con-
stant barrier crossing since its interpretation as a perfect fluid would lead
to unphyiscal behavior of its speed of sound.
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For parameter values A 6= 0, B 6= 0 and B 6= 1 the scale dependence
of the EoS parameter is
w = −1 +
[
(1 +w0)
−B + 3AB ln
a
a0
]− 1
B
. (19)
Inserting (18) into (11) and (12) leads to the specification of this model
in the parametric form:
F = F0
w
w0
e
1
A(1−B)
[(1+w)−B+1−(1+w0)−B+1] , (20)
X = X0
(
1 + w
1 +w0
)2
e
2
A(1−B)
[(1+w)−B+1−(1+w0)−B+1]+ 2AB [(1+w)
−B−(1+w0)−B ] .
(21)
3.1.2 CPL model
We next apply our approach to a dark energy w(a) parametrization in-
troduced in [64, 65], frequently referred to as the CPL model. The depen-
dence of the EoS paremeter on the scale factor is given by
w(a) = w0 + w1
(
1− a
a0
)
, (22)
where w0 and w1 are parameters. This expression allows the calculation
of c2s(w) for this model which now reads
c2s =
3w2 + 2w + w0 +w1
3(1 + w)
. (23)
Inserting (23) into (11) and (12) yields solution for the F (X) function in
the parametric form:
X = X0 e
−6(w−w0)
(
w0 + w1 − w
w1
)−6(w0+w1) ( 1 + w
1 + w0
)2
, (24)
F = F0
w
w0
(
w0 + w1 −w
w1
)−3(1+w0+w1)
e−3(w−w0) . (25)
These solutions are consistent (up to the definition of constants) with the
results obtained in [66].
3.2 Closed form solutions
3.2.1 Model 1
We first consider the model defined by
c2s = α(1 + w) . (26)
Let us first consider the general case α 6= 1. Inserting (26) into (10) yields
w = −
1− α
α−1
1+w0
w0+
α
α−1
(
a
a0
)−3
1− 1+w0
w0+
α
α−1
(
a
a0
)−3 . (27)
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The particular property of this model is that in the early universe the
speed of sound differs from 0 (with the size of this difference controlled
by the parameter α) and in the late-time universe the speed of sound
approaches 0 as w approaches -1.
Following the procedure presented in preceding section, one can obtain
the X(w) function
X = X0
(
w + α
α−1
w0 +
α
α−1
) 2α
α−1
, (28)
which can be readily inverted to give
w = − α
α− 1 +
(
w0 +
α
α− 1
)(
X
X0
)α−1
2α
. (29)
On the other hand, for F (w) function one gets
F = F0
w
w0
(
w + α
α−1
w0 +
α
α−1
) 1
α−1
. (30)
Inserting (29) into (30) finally yields
F (X) = F0
(
X
X0
) 1
2α
[
− α
w0(α− 1) +
(
1 +
α
w0(α− 1)
)(
X
X0
)α−1
2α
]
.
(31)
For a particular parameter value α = 1 we obtain
w = −1 + (1 + w0)
(
a
a0
)−3
, (32)
and
X = X0e
2(w−w0) , (33)
which after inversion gives us
w = w0 +
1
2
ln
X
X0
. (34)
For the function F (w) we obtain
F = F0
w
w0
ew−w0 , (35)
which finally results in
F (X) = F0
(
X
X0
)1/2 (
1 +
1
2w0
ln
X
X0
)
. (36)
3.2.2 Model 2
In this model the speed of sound squared as a function of w is defined as
c2s = α
w(1 + w)
w∗ −w . (37)
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For w∗ 6= −1, α 6= −1 and α 6= w∗ the solution for the w(a) function is(
w
w0
) w∗
α−w∗
(
w + w1
w0 + w1
)− α
α−w∗ 1 + w
1 + w0
=
(
a
a0
)−3
, (38)
where w1 =
α−w∗
1+α
.
Integration of (11) gives
X = X0
(
w + α−w∗
1+α
w0 +
α−w∗
1+α
) 2α
1+α
(39)
which can be inverted to provide an expression for w as a function of X:
w = −α−w∗
1 + α
+
(
w0 +
α−w∗
1 + α
)(
X
X0
) 1+α
2α
. (40)
Furthermore from (12) it follows
F = F0
(
w
w0
) α
α−w∗
(
w + α−w∗
1+α
w0 +
α−w∗
1+α
)− α(1+w∗)
(1+α)(α−w∗)
, (41)
which finally leads to the expression for F (X):
F (X) = F0
(
X
X0
)− 1+w∗
2(α−w∗)
[
w∗ − α
w0(1 + α)
+
(
1− w∗ − α
w0(1 + α)
)(
X
X0
) 1+α
2α
] α
α−w∗
.
(42)
Next we present results for special values of parameters not covered
by the results given above. For w∗ = −1 the model is equivalent to
c2s = −αw which corresponds to the generalized Chaplygin gas and we
will not consider it any further. For w∗ 6= α and α = −1 we obtain the
following results: (
w
w0
)− w∗
1+w∗ 1 + w
1 + w0
=
(
a
a0
)−3
, (43)
F = F0
(
w
w0
) 1
1+w∗
e
w−w0
1+w∗ , (44)
X = X0e
2
1+w∗
(w−w0) . (45)
After inversion of the last expression we get
w = w0 +
1 + w∗
2
ln
X
X0
, (46)
which finally leads to
F = F0
(
X
X0
)1/2 (
1 +
1 + w∗
2w0
ln
X
X0
) 1
1+w∗
. (47)
Finally we turn to the case w∗ = α 6= −1. The dependence of w on
the scale factor is given by the relation
w0
w
1 +w
1 + w0
e
− α
1+α
( 1
w
− 1
w0
)
=
(
a
a0
)−3
. (48)
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The dependence of F and X on w are given by expressions
F = F0
(
w
w0
) α
α+1
e
α
α+1
(
− 1
w
+ 1
w0
)
, (49)
X = X0
(
w
w0
) 2α
1+α
. (50)
The inversion of the X(w) expression yields
w = w0
(
X
X0
) 1+α
2α
, (51)
which finally leads to
F = F0
(
X
X0
)1/2
e
α
(1+α)w0
(
1−
(
X
X0
)
−
1+α
2α
)
. (52)
3.2.3 Model 3
The model defined by the following speed of sound squared
c2s = αw(1 + w) , (53)
will be considered for α 6= 1 and α = 1.
For parameter values α 6= 1 the w(a) function is determined by the
expression
(
w
w0
) 1
α−1 1 + w
1 +w0
(
w + 1− 1
α
w0 + 1− 1α
)− α
α−1
=
(
a
a0
)−3
. (54)
The expressions for X(w) and F (w) are
X = X0
(
w + 1− 1
α
w0 + 1− 1α
)2
, (55)
which can be inverted to give
w = −1 + 1
α
+
(
w0 + 1− 1
α
)(
X
X0
)1/2
(56)
and
F = F0
(
w
w0
) α
α−1
(
w + 1− 1
α
w0 + 1− 1α
)− 1
α−1
, (57)
which leads to
F = F0
(
X
X0
)− 1
2(α−1)
[
−α− 1
αw0
+
(
1 +
α− 1
αw0
)(
X
X0
)1/2] αα−1
. (58)
For the special case α = 1, the dependence of w on a is
w + 1
w
e−
1
w =
w0 + 1
w0
e
− 1
w0
(
a
a0
)−3
. (59)
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The expressions for F (w) and X(w) are
F = F0
w
w0
e
− 1
w
+ 1
w0 , (60)
X = X0
(
w
w0
)2
. (61)
After inversion of X(w) which yields
w = w0
(
X
X0
)1/2
, (62)
which finally results in
F = F0
(
X
X0
)1/2
e
1
w0
[
1−
(
X
X0
)
−1/2
]
. (63)
3.2.4 Model 4
Finally, we turn to the model considered in [57]:
c2s = α(−w)γ . (64)
For γ = 1 this model corresponds to generalized Chaplygin gas and
model (64) contains the generalized Chalygin gas as a special case. Fur-
thermore, for γ = 1 and α = 1 the original Chaplygin gas model is
recovered.
We next turn our attention for γ = 2. For α 6= −1, the expression for
the scaling of the EoS parameter w is
w0
w
(
w − 1
α
w0 − 1α
) α
α+1 ( 1 + w
1 +w0
) 1
α+1
=
(
a
a0
)−3
. (65)
The expression for X(w) is
X = X0
(
w − 1
α
w0 − 1α
) 2
1+α ( w + 1
w0 + 1
) 2α
1+α
, (66)
whereas the expression for F (w) is
F = F0
w − 1
α
w0 − 1α
, (67)
which after inversion leads to
w =
1
α
+
(
w0 − 1
α
)
F
F0
. (68)
This finally leads to an implicitly defined relation for F (X):
X = X0
(
F
F0
) 2
1+α
(
1 + 1
α
+
(
w0 − 1α
)
F
F0
1 + w0
) 2α
1+α
. (69)
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For a special case α = 1 an explicitly defined F (X) follows from (69)
(
F
F0
)
1,2
=
−1±
√
1 + (w20 − 1) XX0
w0 − 1 . (70)
For γ = 2 and α = −1 the relation for w(a) is
w
1 + w
e
1
1+w =
w0
1 + w0
e
1
1+w0
(
a
a0
)3
. (71)
The expression for F (w)
F = F0
1 + w
1 + w0
, (72)
which can be easily inverted to yield
w = −1 + (1 + w0) F
F0
. (73)
The expression for X(w) is
X = X0
(
1 + w
1 + w0
)2
e
2
(
1
1+w
− 1
1+w0
)
. (74)
Combining (73) and (74) finally gives expression for F (X) in an implicit
form:
X = X0
(
F
F0
)2
e
2
1+w0
(
F0
F
−1
)
. (75)
Next we turn to the case γ = 1
2
. First we discuss the general case
α 6= ±1. The dependence of the EoS parameter on the scale factor is
given by the relation[
(−w)1/2 + α
(−w0)1/2 + α
] 1
1−α2
[
(−w)1/2 + 1
(−w0)1/2 + 1
] 1
2(α−1)
[
1− (−w)1/2
1− (−w0)1/2
]− 1
2(1+α)
=
(
a
a0
)3/2
.
(76)
The expression for the X(w) function is
X = X0
[
(−w)1/2 + α
(−w0)1/2 + α
] 4α2
1−α2
[
(−w)1/2 + 1
(−w0)1/2 + 1
] 2α
α−1
[
1− (−w)1/2
1− (−w0)1/2
] 2α
1+α
.
(77)
The F (w) function is
F = F0
w
w0
[
(−w0)1/2 + α
(−w)1/2 + α
]2
, (78)
which can be inverted to give
w = −
α2 F
F0(
1 + α
(−w0)1/2
−
(
F
F0
)1/2)2 . (79)
An implicitly defined F (X) function can be obtained by inserting (79)
into (77). Owing to length this expression is not explicitly written here.
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Next we discuss special values of α. For α = 1 the w(a) function
becomes:(
(−w)1/2 − 1
(−w0)1/2 − 1
)1/2(
(−w)1/2 + 1
(−w0)1/2 + 1
)−1/2
e
1
(−w)1/2+1
− 1
(−w0)
1/2+1 =
(
a
a0
)−3
.
(80)
The F (w) function is
F = F0
w
w0
[
(−w0)1/2 + 1
(−w)1/2 + 1
]2
, (81)
which can be inverted to give
w = −

−1 + 1
1− (−w0)1/2
1+(−w0)1/2
(
F
F0
)1/2


2
. (82)
The expression for X(w) is then
X = X0
1− (−w)1/2
1− (−w0)1/2
1 + (−w0)1/2
1 + (−w)1/2 e
−2
(
1
1+(−w)1/2
− 1
1+(−w0)
1/2
)
. (83)
The implicitly defined F (X) can be obtained by inserting (82) into (83).
Finally we turn to the case α = −1. For the w(a) function we obtain
the relation(
(−w)1/2 − 1
(−w0)1/2 − 1
)−1/2(
1 + (−w)1/2
1 + (−w0)1/2
)1/2
e
−
(
1
(−w)1/2−1
− 1
(−w0)
1/2
−1
)
=
(
a
a0
)−3
.
(84)
The expression for F (w) is
F = F0
w
w0
[
(−w0)1/2 − 1
(−w)1/2 − 1
]2
, (85)
which after inversion gives
w = −

1 + 1
−1 + (−w0)1/2−1+(−w0)1/2
(
F
F0
)1/2


2
. (86)
The function X(w) is
X = X0
(−w0)1/2 − 1
(−w)1/2 − 1
1 + (−w)1/2
1 + (−w0)1/2 e
2
(
1
(−w)1/2−1
− 1
(−w0)
1/2
−1
)
. (87)
The implicitly defined F (X) can be found by inserting (86) into (87).
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4 Discussion and conclusions
The effectiveness of the approach presented in this paper depends crucially
on the integrability of the right-hand expressions in Eqs (11) and (12).
Additional insight into this problem can be obtained from the elaborated
expressions for dX/X and dF/F given in (13) and (14) which consist of
somewhat simplified expressions. Integrability can be achieved if functions
1/(c2s − w) and 1/((c2s − w)(1 + w)) are integrable.
Apart from the said advantages in analytical modeling of purely kinetic
k-essence models, the approach defined by (11) and (12) can also be useful
for numerical computation of the F (X) function in the parametric form.
Namely, w is a convenient parameter since its variation during the entire
cosmic expansion is limited to a finite interval (in many models w is
confined to the [−1, 0] interval).
Another way of employing the described approach is to start by mod-
elling X(w) function instead of c2s(w) function. This direction may lead to
analytical solutions not accessible by other approaches. However, in this
case the sufficiently small speed of sound cannot be guaranteed. Finally,
an interesting question is to which extent the method presented in this
paper can be applied to more general classes of k-essence models beyond
the purely kinetic k-essence models.
It should be further stressed that the main aim of this paper is to
demonstrate the elaborated method of reconstruction of purely kinetic k-
essence models for c2s(w) models. To provide an analysis as complete as
possible, all model parameter values were discussed although some of them
may lead to models with nonphysical properties (such as negative speed
of sound squared). These models have to be separately tested against the
empirical data to determine the allowed parametric region.
In conclusion, we demonstrated how the formalism of modeling speed
of sound squared of dark matter-dark energy models as a function of
its EoS parameter can be useful in obtaining purely kinetic k-essence
models with an observationally acceptable speed of sound. In several
examples we have shown how specific choices of c2s(w) functions can be
analytically translated into F (X) functions of purely kinetic k-essence
models. Depending on the functional form of c2s(w), the F (X) function
can be obtained in the parametric or closed form. This approach integrates
the theoretical advantages of field theoretic approaches such as k-essence
models and phenomenological control over the speed of sound in the c2s(w)
formalism and its compatibility with the current observational constraints
from the cosmic large scale structure.
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